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(54) Biodegradable fibers and fabrics, and method for controlling their biodegradability 



(57) Provided are biodegradable fibers of polylactic 
acid having a number-average molecular weight of from 
50,000 to 1 50,000, which are so designed that the alkali 
solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface 



of each fiber has from 5 to 50 cracks/1 0 cm. The physical 
properties of the fibers are good and enough for practi- 
cal use, and the biodegradation thereof is well control- 
lable in any desired manner. 
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use in daily life and can be rapidly degraded after used and disposed of, or that is, those of which the biodegradability 
is controllable. Up to the present, however, no one has proposed such a technical idea of biodegradation control and 
biodegradable fibers based on that technical idea. 

[0013] Patent publication 1: JP-A-11-131323 (paragraph number [0016] and Fig. 1) 
5 [0014] Patent publication 2: JP^A-7-316272 (paragraph number [0002], lines 1 to 5 from below, and paragraph 
number [0005]) 

[0015] Patent publication 3: JP-A-9-21 01 8 (paragraph numbers [0006] and [0007]) 
[0016] Patent publication 4: JP-A-9-263700 (paragraph number [0011]) 
[0017] Patent publication 5: JP-A-9-78427 (paragraph number [0014]) 
10 [0018] Patent publication 6: Japanese Patent No. 3,304,237 (paragraph number [0006]) 

[0019] Patent publication 7: JP-A-1 1-29351 9 (paragraph number [0013] and photographs that are substitutes for 
drawings) 

[0020] A subject matter of the present invention is to solve the problems noted above and is to provide biodegradable 
fibers of which the physical properties are enough for practical use and of which the time of biodegradation is controllable 
15 in any desired manner. 

[0021] According to the present invention it has been found that, when fibers are specifically designed to have a 
specific structure or when a fiber-processing agent is applied to the fibers, then the biodegradation of the fibers is 
retarded or promoted. Specifically, the fibers have specific cracks formed in their surfaces, and their strength is enough 
for ordinary practical use. On the other hand, when used articles of the fibers are disposed of or formed into compost, 
20 the fibers are actively biodegraded after having received a specific processing agent applied thereto, and their biode- 
gradability is thereby well controllable in any desired manner. 

[0022] The invention provides biodegradable fibers of polylactic acid having a number-average molecular weight of 
from 50,000 to 1 50,000, which are characterized in that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/1 0 cm. 
25 [0023] Preferably, a fiber-processing agent having a pH of lower than 7.8 is applied to the biodegradable fibers. 
[0024] Also preferably, a fiber-processing agent (a) of which the strength reduction-promoting constant (KR value) 
represented by the following formula (1) is smaller than 1 .2 is applied to the biodegradable fibers: 



30 



50 



Strength Reduction-promoting Constant (KR value) = TA/TB (1) (1) 



wherein TA indicates the strength of the fibers of polylactic acid having a number-average molecular weight of from 
50,000 to 150,000, the fibers being so designed that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/1 0 cm, and the strength 

35 thereof is measured after the fibers are degreased and then left at a temperature of 50°C and a humidity of 65 % for 
7 days; and TB indicates the strength of the fibers of polylactic acid having a number-average molecular weight of from 
50,000 to 150,000, the fibers being so designed that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/1 0 cm, and the strength 
thereof is measured after the fibers are degreased, then from 1 to 5 % by weight of the fiber-processing agent (a) is 

40 applied to the fibers under a tension of from 0.05 to 0.20 g/dtex, and the thus-processed fibers are left at a temperature 
of 50°C and a humidity of 65 % for 7 days. 

[0025] The invention also provides a biodegradability-controlling method for promoting the biodegradation of the 
biodegradable fibers, which comprises processing the surfaces of the fibers with an alkaline fiber-processing agent 
having a pH of not lower than 7.8. 
45 [0026] Preferably in the biodegradability-controlling method, a fiber-processing agent (b) of which the strength re- 
duction-promoting constant (KR value) represented by the following formula (1) is not smaller than 1 .2 is applied to 
the biodegradable fibers for promoting the biodegradation of the fibers: 



Strength Reduction-promoting Constant (KR value) = TA/TB (1) (1) 



wherein TA indicates the strength of the fibers of polylactic acid having a number-average molecular weight of from 
50,000 to 150,000, the fibers being so designed that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/10 cm, and the strength 
55 thereof is measured after the fibers are degreased and then left at a temperature of 50°C and a humidity of 65 % for 
7 days; and TB indicates the strength of the fibers of polylactic acid having a number-average molecular weight of from 
50,000 to 150,000, the fibers being so designed that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/1 0 cm, and the strength 
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[0040] Contrary to the above, if the biodegradability of fibers is too high as a whole, the strength of the fibers will 
lower while in use and the fibers are unacceptable for practical use. Therefore, the fibers of the type are also unfavo- 
rable. 

[0041] In order that the biodegradable fibers satisfy the requirement of the invention that the fibers keep their strength 
5 while in use and, after used to be disposed of, their biodegradation is promoted, it is a matter of importance that the 
fibers are so designed that the alkali solubility of the inside part of each fiber is larger than that of the outer peripheral 
part thereof. 

[0042] In addition, it is another matter of importance that the biodegradable fibers of the invention have cracks in 
their surfaces. Cracks in their surfaces make it possible to control the biodegradability of the fibers, or that is, to control 

10 the biodegradation rate of the fibers while the strength of the fibers is enough for practical use. In the surfaces of the 
fibers, cracks may run in various directions including the direction of the fiber axis and the direction perpendicular to 
the fiber axis. Of the cracks, those running in the direction perpendicular to the fiber axis preferably have a mean length 
of from 1/40 to 2/3 of the outer periphery that surrounds the cross section of each fiber. If the mean length of the cracks 
is larger than 2/3 of the outer periphery, the fiber strength will be low and the fibers having such long cracks will be 

is unsuitable to practical use if the long cracks are too deep. The cracks running in the direction of the fiber axis may 
have different lengths. Preferably, their lengths fall between 1/20 and 3 times the fiber diameter in order that the fibers 
may have the necessary strength. Also preferably, the depth of each crack running inside the fibers falls between 3 
and 30 % of the fiber diameter. If the crack depth is smaller than 3 % of the fiber diameter, the fiber-processing agent 
applied to the fibers could hardly penetrate into the depth of each fiber of high alkali solubility, and the biodegradability 

20 of the fibers could not be well controlled. On the contrary, if the crack depth is larger than 30 % of the fiber diameter, 
the strength of the fibers will be low and the fibers having such deep cracks will be unsuitable to practical use if the 
deep cracks are too long. 

[0043] The cracks serve as capillaries through which a fiber-processing agent is led into the fibers. The fiber-process- 
ing agent assists the propagation of biodegrading enzyme in the fibers to thereby promote the biodegradation of the 

25 fibers, and this will be described hereinunder. The fibers having such cracks of the invention basically differ from other 
fibers of which the surfaces are notched so as to make the fibers have a dry feel, in point of both the structure and the 
object thereof. Another advantage of the invention is that the biodegradation of the fibers may be promoted or retarded 
in accordance with the intended object of the fibers, depending on the type of the processing agent applied to the fibers. 
[0044] It is still another matter of importance that the surface of each fiber of the invention has from 5 to 50 cracks/ 

30 1 o cm. Preferably, the fiber surface has from 8 to 40 cracks/1 0 cm, more preferably from 1 0 to 30 cracks/1 0 cm. If the 
number of the cracks in the fiber surface is smaller than 5 per 1 0 cm, the biodegradation of the fibers could not be well 
promoted even when the fibers are processed with a fiber-processing agent. On the other hand, if the number of the 
cracks in the fiber surface is larger than 50 per 10 cm, the fiber strength will be low or the fibers will become weak 
while in use, and the fibers are therefore unsuitable to practical use. The number of cracks in the fiber surface may be 

35 counted by observing the fibers with a scanning electronic microscope (SEM). 

[0045] The structure of the cross section of the fibers of the invention, which are so designed that the alkali solubility 
of the inside part of each fiber is larger than that of the outer peripheral part thereof, is seen in the photographs of Fig. 
1 and Fig. 2. The fibers in the photograph of Fig. 1 are those before processed for alkali dissolution; and the fibers in 
the photograph of Fig. 2 are those after processed with an aqueous 1 N alkali solution at 50°C for 15 minutes for 

40 dissolution and hydrolysis. As in Fig. 2, it is seen that the outer skin of each fiber (outside of each fiber) remains while 
the inside thereof (inner part of each fiber) is corroded. This will be because the fibers are so designed that the alkali 
solubility of the outer peripheral part in the cross section of each fiber is low while that of the inside part, or that is, the 
inner part of thereof is high. We, the present inventors define such a fiber structure that gives the cross-section structure 
morphology as in Fig. 2 through the alkali dissolution treatment as above, as the fiber structure of which the inside part 

45 alkali dissolution is higher than the outer peripheral part alkali dissolution thereof. 

[0046] Depending on the alkali dissolution treatment, a cross section of a fiber of which the shell is partly dissolved, 
or a cross section of a fiber of which the inside part is slowly decomposed and dissolved to have a porous structure 
may be seen. This will be because the polylactic acid polymer to form the fibers is extremely rapidly hydrolyzed with 
alkali and is therefore difficult to uniformly dissolve, and because the fibers dissolve in alkali at different rates. 

so [0047] In view of the above, according to the present invention the fibers of the invention of which the inside part 
alkali dissolution is higher than the outer peripheral part alkali 

dissolution thereof, are defined as follows: When fibers to form filaments are dissolved in alkali and when the 
number of the thus-dissolved fibers each having from 1 0 % to 95 % of voids formed inside them is at least 50 % of the 
total number of the filaments, then according to the present invention the fibers of the type are defined 

55 as the fibers of which the inside part alkali dissolution is higher than the outer peripheral part alkali dissolution 

thereof. 

[0048] Preferably, the shell of the cross section of each fiber of the invention of which the inside part alkali dissolution 
is higher than the outer peripheral part alkali dissolution thereof (the outer periphery and therearound of the cross 



5 



EP1 312 702 A1 



section of each fiber of which the alkali dissolution is low) has a thickness of from 5 to 20 % of the mean diameter of 
the fibers, more preferably from 10 to 20 % thereof. If the shell thickness is smaller than 5 % of the mean diameter of 
the fibers, the strength of the fibers will time-dependently lower even though they are not subjected to biodegradation- 
promoting treatment. On the other hand, if it is larger than 20 %, a processing agent could not well penetrate into the 
inside area of the fibers even though their surfaces have cracks, and, as a result, the fibers of the type could not be 
well biodegraded. 

[0049] If the fibers of the invention are processed with an aqueous alkali solution of higher concentration at higher 
temperatures and for a longer period of time than the above, the fibers will be entirely dissolved, and if so, no one could 
confirm the specific fiber structure of the invention that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof. Therefore, in this respect, special attention should be paid to the condition of 
the alkali dissolution treatment of the fibers of the invention. 

[0050] For expressing the fiber structure of such that the alkali solubility of the inside part of each fiber is larger than 
that of the outer peripheral part thereof and that each fiber surface has cracks, a rigid polymer having a number-average 
molecular weight of at least 50,000 must be used in forming the fibers. Preferably, the draw ratio of the spun fibers is 
defined high to fall between 85 % and 120 % of the elongation at break of the fibers measured at room temperature 
(25°C). If the draw ratio thereof is smaller than 85 %, the fibers could not have the intended fiber structure of such that 
the alkali solubility of the inside part of each fiber is larger than that of the outer peripheral part thereof, and, in addition, 
voids will be difficult to form inside each fiber. If so, therefore, the fibers could not have cracks in their surfaces. On the 
other hand, if the draw ratio of the fibers is larger than 1 20%, too many voids will be formed inside each fiber, and the 
fibers will be too much fluffed and will be often cut during their formation. As a result, the productivity of the fibers will 
lower and, in addition, the fiber strength will be low. 

[0051] In this connection, ordinary polyester fibers will be much fluffed and will often cut, when drawn to a draw ratio 
of at least 85 % of the elongation at break thereof, and their productivity will be low. As opposed to these, however, 
the polylactlc acid fibers of the invention hardly cut even through they are drawn to the high draw ratio as above. 
[0052] According to the present invention it has been foun d that the draw ratio of polylactic acid fibers to the elongation 
at break thereof greatly varies, depending on the temperature of the atmosphere in which they are drawn (in case of 
dry heat drawing, this is the temperature of the heating roller used for drawing the fibers). Experiments show that the 
draw ratio to the elongation at break of high-speed spun raw fibers of polylactic acid (hereinafter referred to as POY 
raw fibers) that are wound up at a winding speed of 3000 m/min at a temperature of 1 1 0°C of the atmosphere in which 
the fibers are drawn is 1 .1 5 relative to the elongation at break thereof of 1 that are drawn at an atmosphere temperature 
of 60°C at the same winding speed. The draw ratio to the elongation at break of the POY raw fibers that are drawn at 
an atmosphere temperature of 1 20° C at the same winding speed greatly increases to 1 .40 or more. Th is will be because 
of the following reasons: When the polymers of polylactic acid having a number-average molecular weight of from 
50,000 to 150,000 are drawn at a high atmosphere temperature to a draw ratio over the elongation at break thereof at 
room temperature(25°C), the surface of each fiber is highly drawn as its temperature is high but the inside thereof is 
hardly drawn as its temperature is lower than that of the outer surface thereof, and this produces a draw ratio difference 
between the inside and the outer surface of each fiber. The draw ratio difference would lead to the alkali solubility 
profile of the fibers of the invention of such that the alkali solubility of the inside part of each fiber is larger than that of 
the outer peripheral part thereof. Of the fibers drawn to the same draw ratio, those for which the temperature of the 
heating roller is lower shall have more strain, as will be described hereinunder, and the fibers drawn at such a higher 
temperature may have the specific fiber structure of such that the alkali solubility of the inside part of each fiber is larger 
than that of the outer peripheral part thereof and may have more strain to form more cracks in their surfaces. Accordingly, 
the temperature of the heating roller to be used for drawing the biodegradable fibers of the invention under dry heat 
preferably falls between 50 and 140°C, through varying depending on the drawing rate. If the drawing temperature is 
lower than 50°C, it is lower than the glass transition point of the polymer to form the fibers, and the drawing mode at 
such a low temperature is cold drawing. Such cold drawing is unfavorable to the invention since too many cracks will 
be formed in the fiber surface and the fiber productivity will be low. On the other hand, however, if the drawing temper- 
ature is higher than 140°C, the fibers being drawn at such a high temperature will move and will be therefore fluffed 
and cut, and their productivity will be therefore low. In case where the fibers are drawn under wet heat, the temperature 
of the drawing bath preferably falls between 50 and 95°C. If the bath temperature is lower than 50°C, it is lower than 
the glass transition point of the polymer to form the fibers and the drawing mode at such a low temperature is cold 
drawing, like in the case of dry heat drawing. Such cold drawing is also unfavorable to the invention since too many 
cracks will be formed in the fiber surface and the fiber productivity will be low. The uppermost limit of the temperature 
in the wet heat drawing is 95°C for mass-production of the fibers since water is in the drawing bath. 
[0053] A side-view photograph of the biodegradable fibers of the invention is in Fig. 3; and that of conventional 
biodegradable fibers is in Fig. 4. As in the photograph of Fig. 3, many cracks are seen in the side surfaces of the fibers 
of the invention; but no crack is seen in the side surfaces, conventional biodegradable fibers, as in the photograph of 
Fig. 4. 
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[0054] For forming the cracks, the mechanism of forming them must be taken into consideration. According to the 
present invention it has been found that the crack formation will be correlated to the number-average molecular weight 
of the polylactic acid to constitute the fibers and to the voids formed inside each fiber. In general, the specific gravity 
of thermoplastic fibers increases with the increase in the crystallinity thereof drawn high. Contrary to these, when the 

5 polylactic acid fibers of the invention are drawn high, they retain the drawing strain inside them and therefore have 
minute cavities, so-called voids inside them. Studies revealed that the specific gravity of the drawn fibers is not larger 
than 0.95 relative to that of the non-drawn raw fibers of 1 , and this suggests the formation of voids inside the drawn 
fibers. Thus formed, the voids are cleaved by external force applied thereto, and they give cracks. Concretely, the voids 
formed in short fibers are cleaved by external force applied thereto, for example, in a forced crimping step or in a 

10 spinning step, and they give cracks; while those formed in long fibers are cleaved by external force applied thereto, 
for example, in a false-twisting or pneumatically processing step, and they give cracks. Accordingly, the fibers of the 
invention have many cracks in the bent parts thereof in which the external force applied thereto concentrates. 
[0055] Regarding the crimping condition in forming cracks in the surfaces of the fibers of the invention, it is desirable 
that the pressure at the inlet of the crimper falls between 2.0 and 6.0 kg/cm 2 , the pressure at the outlet thereof falls 

15 between 2.0 and 5.5 kg/cm 2 , and the crimping rate falls between 60 and 150 m/min. More preferably, the pressure at 
the inlet of the crimper falls between 2.5 and 3.5 kg/cm 2 , the pressure at the outlet thereof falls between 2.0 and 3.5 
kg/cm 2 , and the crimping rate falls between 60 and 1 00 m/min. If the pressure at the inlet and that at the outlet of the 
crimper are over 6.0 kg/cm 2 or 5.5 kg/cm 2 , respectively, too many cracks will be formed and the physical properties of 
the fibers will be therefore not good. As the case may be, the fibers will be cut. On the other hand, if the pressure at 

20 the inlet and that at the outlet of the crimper are lower than 2.0 kg/cm 2 , the number of cracks to be formed will reduce 
and the biodegradability of the fibers will be difficult to control. The preheating temperature of the fibers to be crimped 
preferably falls between 55 and 75°C. If the preheating temperature is lower than 55°C, the fibers will be difficult to 
crimp and the number of cracks to be formed will reduce. If so, the biodegradability of the fibers will be difficult to 
control. On the other hand, if the preheating temperature is higher than 75°C, it is unfavorable since the fibers will 

25 agglutinate to each other. 

[0056] For false-twisting the fibers, a friction-type false twister is preferred to a pin-type false twister. Though de- 
pending on the type of the spinning oil used, polylactic acid fibers generally have a high friction resistance and their 
untwisting tension tends to increase. In pin false-twisting, the ratio of untwisting tension/twisting tension of polylactic 
acid fibers falls between 3 and 5, and is about 1 .5 to 2.5 times that of ordinary polyester fibers. Therefore, when false- 

30 twisted in a pin-type false twister, polylactic acid fibers will be much fluffed and more than 50 cracks/10 cm will be 
formed in their surfaces. Also in a friction-type false twister, polylactic acid fibers will have a high untwisting tension, 
but it is from 1 .1 to 1 .3 times that of ordinary polyester fibers. In friction false-twisting, in addition, polylactic acid fibers 
are prevented from being too much fluffed and cracked. For these reasons, the latter friction-type false twister is pre- 
ferred to the former pin-type false twister for polylactic acid fibers. Regarding the false-twisting condition for the fibers, 

35 it is desirable that the heater temperature is not higher than 160°C, and the count of false twists of the fibers falls 
between 2000 and 2500 twists/m in terms of the fibers of 167 dtex. More preferably, the heater temperature falls 
between 120 and 150°C, and the count of false twists of the fibers falls between 2200 and 2400 twists/m in terms of 
the fibers of 167 dtex. If the heater temperature is higher than 160°C, the fibers will agglutinate to each other and too 
many cracks will be formed in their surfaces, and therefore the physical properties of the fibers will be not good. On 

40 the other hand, if the heater temperature is lower than 120°C, the fibers will be poorly false-twisted and their quality 
will be not good. If the count of false twists of the fibers is more than 2500 twists/m, the fibers will be too much fluffed 
and will often cut, and their productivity will lower. If so, in addition, too many cracks are formed and the physical 
properties of the fibers will be not good. On the other hand, if the count of false twists of the fibers is less than 2000 
twists/m, it is unfavorable since the fibers will be poorly false-twisted and the quality of the fibers will be not good. The 

45 optimum draw ratio of the fibers varies, depending on the heater temperature, and therefore could not be indiscrimi- 
nately defined. In general, however, it is desirable that the draw ratio of the fibers falls between 60 and 80 % of the 
elongation at break thereof at room temperature. If the draw ratio of the fibers is higher than 80 % of the elongation at 
break thereof, too many cracks will be formed and the physical properties of the fibers will be not good. On the other 
hand, if the draw ratio of the fibers is lower than 60 % of the elongation at break thereof, the false-twisting tension of 

50 the fibers will be low and the fibers will often cut. As a result, the processability of the fibers in the false-twisting step 
will be poor. Cracks of the fibers result from the tension and the twisting force thereof while the fibers are processed 
in the false-twisting step, and the number of the cracks to be formed is readily controlled to fall between 5 and 50 per 
1 0 cm so far as the tension and the twisting force of the fibers in the step do not overstep the uppermost limit thereof. 
Especially preferably, the false-twisting condition for the fibers is so planned that the false-twisting temperature falls 

55 between 130 and 150°C, the count of false twists of the fibers falls between 2300 and 2400 twists/m in terms of the 
fibers of 165 dtex, and the draw ratio of the fibers falls between 70 and 75 % of the elongation at break thereof. 
[0057] A fiber-processing agent may adhere to the biodegradable fibers of the invention. 

[0058] The fiber-processing agent that may adhere to the fibers is preferably so controlled that its pH is lower than 
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' lower than 7.8 promotes the biodegradatio >Xte7£ZZ? . a ^ er *™ essin 9 a 9 ent ° f "hich the pH is not 
the fibers must be blocked off until the fibers a fte^^ 
agent includes Jor exam P .e, spinning oil and faf^ 

of the fibers, the fiber-processing agent may bTanTof sTze o tl !u ?S* X ° ^ **** ^ Spun - For fabrics 
app,ied to them being knitted. Other'ax^pteslf the iTplllTzZT ^ 8nd ^ °" t0 be 
» a pH^ontrolling agent, an antistatic agent and a sewina iZZfthft T ! SC ° Unn9 agent ' a ^ P romoter . 
dyed. Regarding the fiber-processing agen^on^ 

1 .0 % by weight, and the amount ^^^^^^HZ. T"* ^ '* ***** * m ° S < 
falls between 0.3 and 0.5 % by weight though vagina 1 I ort heir products being dyed preferably 

[0059] According to the present invention ft hlTee foun 2Z « ^T* ^ ^ ° f the agent - 
invention is retarded or promoted depending on he flbir D ^ „ ****** of the biodegradable fibers of the 
cracks in their surfaces the strength o the f^^EST" 8 9 ^ * thS flbere - S P ec ^ally having 

their surfaces. 9 ^ 6 " berS may be control,ed °V controlling the number of the cracks in 

having a pH o, 7.8 or more. P»^ P th.?^^i^7 6 ^ ^ " process «<« 
degradation of the fibers and their products However strong h u 98 m ° rS rapid,y promotin 9 the 

negative influences on the global envimnmem Zt nri 22,?? T 9 a pH of 10 or mor * will have some other 
the degradation of the fibers is an M^L^lTl ^ *° me ^ oc ^ agent for promoting 
advantageoftheinventionistha^ 
= ,ingthe P H of the processing agen^ 

-"-h^ reduction -promoting constant (KR value) is 

or before they are used. One advantaa of tS fih™ " Wh " e ° r after the fibere are P^ced or while 

thef^ers^^ 

LlZgLrmula e ;T '"""P" 9 C ° nStant ^ « theler-pmceing agent (a) is represented by the 



Strength Reduction-promoting Constant (KR value) = TA/TB (1) 



(1) 



that of the outer peripheral part thereof and toT^lrZ, IT. ^ he ' nSlde part of each fiber is larger than 
thereof is measu^d after the ZlSSSSS InTii 7 J" 6 * 5 ° ° Cm < and the 

7 days; and TB indicates the strength SSSJTSSI^^k" ° f 5 °° C 8Pd 9 humidity ° f 65 * *» 

50,000 to 150,000, the fibers being so desig eJtha S 

that of the outer peripheral part thereof -dK^tSj^^TJ ^ ^ "'^ * than 
thereof is measured after the fibers are decreased then from 1 2 * t h I Cr3CkS/1 ° Cm " and the stren 9 th 
applied to the fibers under a tension of from "o 05 tc 0 20 JZ a d 5£? " *" nbe ^ oces ^ agent (a) is 
of 50°C and a humidity of 65 % for 7 days thus-processed fibers are left at a temperature 

fiber-processing agent having been app^Xhe fioels 9 ° n ,he pro P erties ° f the 

tt^SZZXt^ goi,ndfa,se-.istconing 

to be appiied to them being woven and knitting oil to be aoo ed to 111 ^T^'" 9 ^ (a) ^ be any ° f size 
™* 9 ^ 
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improver that are applied to the fibers or their products being dyed. 

[0066] Of the fiber-processing agents (a), preferred are those of which the strength reduction-promoting constant 
(KR value) represented by formula (1) falls between 1 and less than 1 .2. 

[0067] One preferred example of the fiber-processing agent (a) that satisfies the requirement is formulated by mixing 
5 a spinning oil ([KE34Q0] produced by TAKEMOTO OIL & FATCo., LTD,) having a strength reduction-promoting constant 
(KR value) of 1 .14 and having a pH of 7.2. Other examples of the fiber-processing agent (a) for use in the invention 
may be formulated by mixing the necessary components in any desired ratio so that the resulting compositions satisfy 
the requirement of the value of formula (1 ) being smaller than 1 .2. 

[0068] Another preferred method of controlling the biodegradability of the fibers of the invention comprises applying 
10 a fiber-processing agent (b) of which the strength reduction-promoting constant (KR value) represented by formula (1 ) 
is 1 .2 or more to the fibers to thereby promote the biodegradation of the fibers. 

[0069] Preferred examples of the fiber-processing agent (b) for that purpose are a composition formulated by mixing 
a potassium stearyl phosphate, a polyether, an alkyl ether, a laurylamine and a nonionic surfactant in a ratio of 50:22: 
13:10:5, having a strength reduction-promoting constant (KR value) of 1 .30 and having a pH of 9.5; and an oil ([TOR- 
15 ICOL M75] produced by TAKEMOTO OIL & FAT Co., LTD,), having a strength reduction-promoting constant (KR value) 
of 1 .25 and having a pH of 6.5. Except those, also employable herein are any others prepared by mixing the necessary 
components in any desired ratio to have the KR value of formula (1 ) of 1 .2 or more. 

[0070] Regarding the amount of the fiber-processing agent (a) of which the strength reduction-promoting constant 
(KR value) is smaller than 1 .2 and which may be applied to the fibers while the fibers are produced or while or before 

20 they are used, the content of the spinning oil to be in the fibers preferably falls between 0.2 % by weight and 1 .0 % by 
weight, and the content of the finishing agent to be applied to the fibers or their products being dyed preferably falls 
between 0.3 and 0.5 % by weight or so though varying depending on the type and the object of the agent. 
[0071] The results of the studies according to the present application have confirmed that a processing agent that 
contains at least 1 % by weight of at least one biodegradation-promoting component selected from a group consisting 

25 of organicphosphate salts, unsaturated fatty acids and unsaturated alcohols is preferred for promoting the biodegra- 
dation of the fibers. 

[0072] For example, polyoxy ethylene phosphate salts (especially preferably, C8 to C1 8 polyoxyethylene phosphate 
salts) and phosphate amines are especially preferred for promoting the reduction in the strength of the fibers. Though 
having a pH of lower than 7.8, also preferred are unsaturated fatty acids of.C8 to C18,and especially preferred are 
30 oleic acid, and higher unsaturated alcohols of C8 to C18 ,and especially preferred are oleyl alcohol, as they promote 
the reduction in the strength of the fibers. Regarding the fiber-processing agent content of the fibers, the spinning oil 
content thereof preferably falls between 0.2 % by weight and 1 0.0 % by weight, and especially preferably falls between 
0.3 and 8 % by weight though varying depending on the type and the object of the agent. 

[0073] As so mentioned hereinabove, an alkaline solution such as aqueous sodium hydroxide solution having a pH 
35 of 10 or more kills microorganisms and will have some other negative influences on the global environment, and is 
therefore unfavorable to the invention. Even if the used fibers and their products are buried in the ground into which 
sugar-containing water or the like has been infiltrated for promoting the growth of microorganisms therein, their bio- 
degradation could not be promoted. 

[0074] Fig. 1 and Fig. 2 are photographs showing the fiber morphology of the biodegradable fibers of the invention 
40 before and after processed with an alkaline solution, respectively. As in these, it is seen that the fibers before processed 
with an alkaline solution keep their original fiber morphology even though having cracks in their surface, but after the 
fibers are processed with an alkaline solution, the processing agent penetrates into the center part of the cross section 
of each fiber through the cracks and significantly promotes the degradation of the fibers. 

[0075] Regarding the effect of promoting the biodegradability of the biodegradable fibers of the invention, the strength 
45 retention of the fibers is preferably at most 50 % after the fibers are left in the ground for 4 weeks, and it may be suitably 
determined depending on the number of the cracks formed in the surfaces of the fibers and on the type and the amount 
of the processing agent to be applied to the fibers. 

[0076] It is desirable that the fiber-processing agent (b) which promotes the biodegradation of the fibers and which 
has a strength reduction-promoting constant (KR value) of 1 .2 or more is applied to the fibers or their products under 

50 high tension as much as possible, preferably under a tension of at least 1 g/cm 2 , more preferably at least 5 g/cm 2 , 
even more preferably at least 15 g/cm 2 . Also preferably, the amount of the fiber-processing agent (b) to be applied to 
the fibers or their products under such high tension falls between 1 and 20 % by weight, more preferably between 3 
and 12 % by weight of the fibers or their products. If its amount is smaller than 1 % by weight, the biodegradation- 
promoting fiber-processing agent will be ineffective. If larger than 20 % by weight, it is unfavorable since too much 

55 fiber-processing agents will pollute the global environment and will increase the cost in treating the used fibers. The 
test results of the studies according to the present application in which 10 % by weight of a fiber-processing agent (b) 
having a strength reduction-promoting constant (KR value)of 1 .25 was applied to the fibers of the invention having 10 
cracks/10 cm in their surfaces, under a low tension of 0.01 g/dtex, and 3 % by weight of the same fiber-processing 
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EXAMPLES 



Sc^i:— 

according to the methods mentioned below P Pr ° dUCed ,n the Exam P les are measured 



1 . Specific Gravity: 



of me on*. Is messorea ' „ 25 .£ ™ °° ' LTD> ' ^ *" k< » 1 '» 2" to, the specific g^j, 

O CtrAnntU f— I x. 



2. Strength, Elongation: 

Measured according to JIS L1013. 

3. Number of Cracks: 



Example 1 : 



3 J™* a number-average molecu.ar 

The spinning head temperature was 240°C the ul ?2 1 , P ° lylaC " C 3Cid fibers of 4500 dtex/ ™ t 

([KE3400] produced by TAKEMOTO OIL & ^ (J LTOThavto a fT' ^ ° 2 % by W6, ' 9ht ° f S ^ oil 

of 1 . 14 and having a pH of 7 2 was aoolied C, th! f ih L 9 reductio "-Promoting constant (KR value) 

- S 1 .3105, and I L^TtSX^^T ^ " th6 n0MW *« 1 « b - 

SstaS;.^~ 

in the second drawing stage was 96-0 1^^0 ^^^ 96 7 °° C ' the Water bath temperature 
second drawing stage wasl .23 t^'^S2!^ , !^T^r 350 times ' the d ™ <*io in the 

% by weight of [KE3400]( produced by TAKEMOTO O L & FAT Cn T* ° °° % ° f ^ e '° n9ati0n at break >' 03 
stant (KR value) of 1 .14 and having a pH of 7 2 wl LVJT 1" haV ' n9 3 Str6ngth red ^tion-promoting con- 
the forced crimper used had an i let pressure oTo E£ ^£2" ^ WhiCh WaS ^ ™^ F " «*■ 
was 80 m/min. Thus crimped, the number of buckts Stow was 1 or "J*"" ^ Crimpin9 rate 

cut with a cutter into 38-mm pieces polylactic acid short f P ° n ' ™ e tnus - crim Ped tow was 

of the cracks formed in the LacJ^^e^TZTi" 9 'JT** ° f 1 5 **■ The "'«■*» 

gravity ofthe short fibers was 1.2323 the s*e^ 

was 30.5 %. In point of their ^ anZZt^^^T ,he e '° n9ation at break 

rOOSIj TJeshortfiberswerespu^inttZ™^^^^^ 

~y.= 

[0083J The spun yarn was dissolved and hvdroL? i 1 7° * 75 °' a " d then dried at 155 ° c - 

Thus processed, the fibers conSut ng t e Jam Z v d "^S?" i f^"* S °' Uti0n * 5 °° C f ° r 15 minutes - 
shows the cross sections of the fiber^ As in the > hot W of Fig. 2 that 

was but the inside (inner part) thereof was co^iTSSI ti? TJ^" ^ ° f 9aCh fiber remained as * 
-55 % on average '—ectiona^^ 



10 



EP1 312 702 A1 



[0084] The victoria lawn produced herein was buried in the ground. Before and after buried therein, the strength 
retentiveness of the yarn was measured. The weft of the sample was cut off, and the strength of the warp alone was 
measured. 

[0085] Not processed with the fiber-processing agent mentioned below, the strength retentiveness of the sample 
5 was 96.9 % after 4 weeks. As opposed to this, the strength retentiveness of the sample that had been sprayed with 5 
%, relative to the sample cloth, of a fiber-processing agent of a biodegradation promoter of a composition formulated 
by mixing a potassium stearyl phosphate, a polyether, an alkyl ether, a laurylamine and a nonionic surfactant in a ratio 
of 50:22:13:10:5, having a strength reduction-promoting constant (KR value) of 1 .30 and having a pH of 9.5 was sig- 
nificantly reduced to 42.8 % after 4 weeks. 

10 

Example 2: 

[0086] The non-stretched fibers prepared in the same manner as in Example 1 were bundled up into non-stretched 
tow of 456,000 dtex. The tow was then drawn in two stages. Concretely, the water bath temperature in the first drawing 

15 stage was 65°C, the water bath temperature in the second drawing stage was 95°C, the draw ratio in the first drawing 
stage was 3.30 times, the draw ratio in the second drawing stage was 1 .15 times, and the total draw ratio was 3.80 
times (88 % of the elongation at break). 0.3 % by weight of spinning oil ([KE3400] produced by TAKEMOTO OIL & FAT 
Co., LTD,) having a strength reduction-promoting constant (KR value) of 1 .14 and having a pH of 7.2 was applied to 
the stretched tow, which was then crimped. For this, the forced crimper used has an inlet pressure of 3.0 kg/cm 2 and 

20 an outlet pressure of 2.5 kg/cm 2 and crimping rate was 80 m/min. Thus crimped, the number of buckles of the tow is 
14 or 15/2.5 cm. The thus-crimped tow was cut with a cutter into 38-mm pieces, polylactic acid short fibers having a 
single fiber fineness of 1 .7 dtex. The number of the cracks formed in the surfaces of the stretched short fibers was 9 
per 1 0 cm of each single fiber, the specific gravity of the short fibers was 1 .2381 , the strength at break thereof was 2.9 
cN/dtex, and the elongation at break thereof was 30.3 %. In point of their strength and elongation, the short fibers have 

25 no problem in practical use thereof. 

[0087] The short fibers were spun in an ordinary manner into yarn of 1 0 tex. 

[0088] The spun yarn was woven into victoria lawn of 12 x 12 yarns/25 mm. Thus woven, the victoria lawn was filled 
with polyvinyl alcohol size having a pH of 6.3 and a concentration of 10 % at 75°C, and then dried at 155°C. 
[0089] The spun yarn was dissolved and hydrolyzed in an aqueous 1 N alkaline solution at 50°C for 15 minutes. 

30 Thus processed, the fibers constituting the yarn had voids formed inside them. As in the photograph of Fig. 2 that 
shows the cross sections of the fibers of the processed yarn, the outer skin (outer part) of each fiber remained as it 
was but the inside (inner part) thereof was corroded. Concretely, the single fibers in which the voids formed account 
for 65 % on average of the cross-sectional area of each fiber are about 93 % of the total number of the filaments. 
[0090] The victoria lawn produced herein was buried in the ground. Before and after buried therein, the strength 

35 retentiveness of the yarn was measured. The weft of the sample was cut off, and the strength of the warp alone was 
measured. 

[0091] Not processed with the fiber-processing agent mentioned below, the strength retentiveness of the sample 
was 94.4 % after 4 weeks. As opposed to this, the strength retentiveness of the sample that had been sprayed with 5 
%, relative to the sample cloth, of a fiber-processing agent of a biodegradation promoter, oil ((TORICOL M75] produced 
to by TAKEMOTO OIL & FAT Co., LTD,) having a strength reduction-promoting constant (KR value) of 1 .25 was signifi- 
cantly reduced to 50.1 % after 4 weeks. 

Example 3: 

45 [0092] A polymer, poIy-L-lactic acid of 6200 D grade (from Cargil-Dow LLC, having a number-average molecular 
weight of 74000 and an optical purity of 98.6 %) was spun into stretched polylactic acid fibers of 278 dtex/48 f. The 
spinning head temperature was 205°C, the first roller temperature was 50°C, the second roller temperature was 90°C, 
the third roller temperature was 90°C, the fourth roller temperature was 140°C, the cooling roller temperature was 
50°C, the pre-stretching draw ratio was 1 .01 times, the first stretching draw ratio was 1 .73 times, the total draw ratio 

50 was 2.32 times (90 % of the elongation at break at room temperature), the winding up rate was 3565 m/min, and 0.8 
% by weight of spinning oil ([KE3400] produced by TAKEMOTO OIL & FAT Co., LTD,)having a pH of 7.2 was applied 
to the polymer being spun into fibers. The elongation at break of the stretched fibers was 37.5 %. 
[0093] Two-folded yarn of the stretched fibers was false-twisted, using a friction false-twisting machine. Concretely, 
the draw ratio was 1 .05 times, the heater temperature was 140°C : D/Y was 756, and the yarn running speed was 200 

55 m/min. Every single fiber of the false-twisted yarn had 25 cracks/10 cm, the strength of the yarn was 2.1 cN/dtex, and 
the elongation at break thereof was 28.7 %. 

[0094] The thus-processed yarn was Z-twisted to a count of 300 twists/m. Using a rapier loom (produced by Tsuda- 
koma Corp.), the thus-twisted yarn was woven into a plain weave fabric having an on-loom density of 63 x 45 yarns/ 



11 



EP 1312 702 A1 



25 mm. 
[0095] 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



the cross sections of th S. ?th! ZZ^tZTn 5 > J ^ h the photo 9 ra P h <>f Fig. 2 that shows 



Comparative Example 1 : 



^^SSTTJ^S^^^^ 1 were bund,ed up into — ed - * 

the water bath tempera"^ 

ratio in the second Lge was 1 ^^^^L^ToV^T7 I"" T T ** *" 
0.3 % by weight of finishing oil ( [ KE3400 ] produced by TAKEMOTO 0. 8 ^ FAT cl^rn °[ el0n9£ *° n at break >- Ne *' 
promoting constant (KR value) of 1 14and havinaa D Hof7 Pw« ^ J, * ' '> haVmg a stren9th redu <*°n- 
For this, the forced crimper used ha I an iZ ??c 8 ap , plle 2 dt0t ^ stretched tow, which was then crimped, 
crimped, the number of buckes of h tow wa ^4 5 per 25 cmT t " ^ ° f ^ ^ 

luioi] The spun yarn was woven into victoria lawn of 12 x 12 varwcx; mm' i« *k 

Thus woven, the victoria ,awn was filled with polyTy. alcohol £££ a oH of V'T ^ 33 !" 1 " 

Z^T™ M " 1 55 °°' 3,80 in the — manner as in Exam'e T ^ ° f ^ * COnCentrat '° n ° f 1 ° % - 

whichthe voids to33SSSI; »/ raveraoToir ^ ^ the Sin9 ' e fibere in 

E3L2:s a y rw^: r steTe ft bu o?r the r und - Before and after buried therei - »• 

measured. ^ ° f ^ Sample Was cut off ' and th ^ strength of the warp alone was 

si"; be,owi r stren9th retentiveness * - 

5 %, re.ative to the sample clot , o, Xj£^„^^2T^ ? SamP ' e had bee ° Sprayed with 
by mixing a potassium steary, phosphSe a ~er TZl^rT^T ^T 0 ' * fM ° d 

Comparative Example 2: 

the water bath tempera* e t^SS^STlSSJTf ? W8t6r ^ temPeratUrS in *• ** ^ WaS 60 ^ 
ratio in the second stage was 1 23 ta« and tho^! , h ' " ^ th6 " rSt Stage was 3 60 times . th * *™ 
0.3 % bywe ig htofspS a o S iuS 

promoting constant (KR value) of 1 Uand havinaa dHo 7 9 Z»« 1 , - Jl 1 ' ' } haVm9 3 Strength reducti °n- 
For this, the forced crimper used ha an ^pS^ - « K^"^^*"^^ 0 '^ 
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was 1 .2109, and the strength at break thereof was 1 .3cN/dtex. The strength of the fibers is not enough for practical use. 
Comparative Example 3: 

5 [0106] Herein tried was spinning a polymer, poly-L-lactic acid having a number-average molecular weight of 47200 
and an optical purity of 98.7 %, at a spinning head temperature of 200°C and a winding-up rate of 800 m/min. Though 
the polymer cobwebbed in some degree, its strength was too weak and it was impossible to wind up the polymer fibers. 
[0107] As described in detail hereinabove with reference to its preferred embodiments, the present invention provides 
biodegradable fibers of which the physical properties are good and enough for ordinary daily use and of which the 

10 biodegradation can be controlled in any desired manner. 



Claims 

15 1. Biodegradable fibers of polylactic acid having a number-average molecular weight of from 50,000 to 150,000, 
which are characterized in that the alkali solubility of the inside part of each fiber is larger than that of the outer 
peripheral part thereof and the surface of each fiber has from 5 to 50 cracks/10 cm. 

2. Biodegradable fibers as claimed in claim 1 , to which is applied a fiber-processing agent having a pH of lower than 
20 7.8. 

3. Biodegradable fibers as claimed in claim 1 , to which is applied a fiber-processing agent (a) whose strength reduc- 
tion-promoting constant (KR value) represented by the following formula (1 ) is smaller than 1 .2: 

Strength Reduction-promoting Constant (KR value) = TA/TB (1 ) (1 ) 

wherein TA indicates the strength of the biodegradable fibers of claim 1 , and the strength thereof is measured after 
the fibers are degreased and then left at a temperature of 50°C and a humidity of 65 % for 7 days; and 
30 TB indicates the strength of the biodegradable fibers of claim 1 , and the strength thereof is measured after the 

fibers are degreased, then from 1 to 5 % by weight of the fiber-processing agent (a) is applied to the fibers under 
a tension of from 0.05 to 0.20 g/dtex, and the thus-processed fibers are left at a temperature of 50°C and a humidity 
of 65 % for 7 days. 

35 4. A fabric of the biodegradable fibers of any of claims 1 to 3. 

5. A biodegradability-controlling method for promoting the biodegradation of the biodegradable fibers of claim 1 or 
2, which comprises processing the surfaces of the fibers with an alkaline fiber-processing agent having a pH of 
not lower than 7.8. 

40 

6. A biodegradability-controlling method for promoting the biodegradation of the biodegradable fibers of claim 1 , 
which comprises applying to the fibers a fiber-processing agent (b) of which the strength reduction-promoting 
constant (KR value) represented by the following formula (1) is not smaller than 1 .2: 

Strength Reduction-promoting Constant (KR value) = TA/TB (1) (1) 

wherein TA indicates the strength of the biodegradable fibers of claim 1 , and the strength thereof is measured after 
the fibers are degreased and then left at a temperature of 50 P C and a humidity of 65 % for 7 days; and 
50 TB indicates the strength of the biodegradable fibers of claim 1 , and the strength thereof is measured after the 

fibers are degreased, then from 1 to 5 % by weight of the fiber-processing agent (b) is applied to the fibers under 
a tension of from 0.05 to 0.20 g/dtex, and the thus-processed fibers are left at a temperature of 50°C and a humidity 
of 65 % for 7 days. 

55 7. A biodegradability-controlling method for promoting the biodegradation of the biodegradable fibers of claim 1 or 
2 ; which comprises applying to the fibers a fiber-processing agent that contains at least 1 % by weight of at least 
one component selected from a group consisting of organicphosphate salts, unsaturated fatty acids and unsatu- 
rated alcohols. 
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